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CONFIDENTIAL

ing witlhh varlious surfece finishes. Two phésce of tllis
1nvestigation were reported in references 1 und 2, und
the third and last phase ls reportcd herein., In refer-
ence 1 results were reported of tests made to deterriine
boundary-layer-transition locatlions and profile drag of
a wing section with falired and smoothed surfaccs. In
raference 2 rcsults werse reported of tests made to de-
terniine the effect of surfacs rcughness on the profile
qrag of the falred surfuaces with transition [ixed for
forward, The results reported herelin are of tests made
t> “determine the profile drag of a wing sectinon having
unfulred production surfaces covered with camouflaze paint.
The present tests und those of references 1 and Incluaded
Much numibers through the critical vulues: In the nirresent
teste, however, the hacn numbel range was extended to
somuwhat higher supercritical values thun those of ref-
erences 1 and 2,

Profile drag was determined by mean: of wake surveys.
The tests were made for conditions in which airplane 1ift
coefficients from 0,06 to 0.69, Reynolds numbcrs from
Su x 100 to 2%,1 x 109, snd Mach numbers from 0.25 to 0.78
wore obtalned.

APPaRADMIS AND TESTS

The investigation was conducted on a ripht wing sec-
tion of a T-47D alrplane (fig., 1). This wing section,
& Republic S-3 section, had a chord of 86.05 inches, &
taickness of 11 percent of the chord, and was located at
6% nercent of the semispan from the planc of symmetry, or
about 2 feet outboard of the Ilap. At this snanwise sta-
tlon the test scction i1acluded the 2ileron but was out-
board of the propeller slipstream, the gun rorts 1in the
lealing adge, #nd the shell ejecctor slots in the lower
surface, Tne measured ordlnates of the test mection are
given in fractions of the chord in table I. The Repuklic
scctlon tested has pressure-distribution characteristics
similar to thaose of the HACA 22C11 airfoil,

The surfaces of the test section were prcpared by
covering the productlon surfaces with one coat of zinc
chromats primer, one coat cof grey surfacer, and two coats
of olive-~drab camouflage puint,., Moasurements of surface
rourhness made by means of a shop microscope (described
in refersnce 2) Indicuated that the surface roughness cone
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sisted of partieles of about 0.0012 ineh in helght &nd
nunmbering roughly 10,000 per square ineh.

An indication of surfacc waviness was obtulned by
eans ol a eurvature gage (fig. 2) with legs spaeed
Iy percent of the test seetion cherd. The wavines=s con-
iltion of the unfulired znd roughened produetion surfaces
and also of the falred cnd smoothed surfaees of refer-
ence 1 's indicated 1n figure l by the plot of the
wavines: lndex d/c ainst s/c, where d 13 the de~
fleetion of the curvature gage, 8 1s the distanee along
the surfnee {rom the leading e¢dge, and e 13 the test see~
tlon chord.

Frofile-drag measuremcnts were made #ith a wake-survey
ralke (flg. %) located 19 percent of the ehord behlnd the
trziling edge of the test seetion. The rake was the saéme
as that used in referances 1 und 2 exeept that two tubes
spuced four inehes wewe adlded to eaeh end of the rake (mak-
ing a total width of 2%.9 inches) in order to permlt a
survey of more nl tha walke at supereritieal speeods than
in references 1 and 2. dake total and static pressures,
free-strean Zmpiatt preasure, and the position of the right

aileron were mea=ure 1 with HaC4 recording instruments.,

Tre sectinn prcflle-lrap corefflicients cqy were determincd
by the intagrating ms%hiod of referenee %; that is, the
totel-pressure loass wus Integrated across the wake and
then multinlied by factors dependlng on free-stream im-
pact pressuare, maxirmam total-pressure loss, statie pressure
in the wake, and flight Mach number,

™e tests wore made 1n level flight, dives, and turns
at 20,000 feet and over a range of calibrated airspeeds
from 150 to 115 miles ner hour. The airplane 1lift co-
effielent Cp, obtulned in the tesis ranged from 0.06 o 0,69,
the Rernolds number R from 8.l x 106 t5 23,1 x 100 and the
Mach number M from 0.25 to 0.7U.

RESULTS «4ND DISCUSSION

Mie investigation of flow conditions indieated by
surface tufts located over a portion of the uprer sur-
face of the P-L 7D uirplune wing, reported in referenee
showed that comewhat Iinboard of the test sectirn, at 6%
)ercent semispuan, eross flow was prescnt at llaclhi numbers
greater than 0,7C at a 1ift coefficient of 0.L0O ana
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greuter than 0.76 at & 1i1ft coefflcient of 0.15. Re-
cause of this flou condition and the fact thut the wake
it }ach numbors greater than C.66 at a 1ift coefficlent
>f 0.40 and greater than 0.72 at a 1if%t coefficient of
).1% extended beyond the limites of the wake-survey rake,
tiis wake surveyes for these flight conditions were not
evujuated,

Frofile~drag coefficients solccted for several 1ift
cosfficients for which the data were most complete are
lotted aguinst Mach number in figure 5. The correspond-
ing Reynolds numbers are vlotted above the nrofile~drag
curves,

Mgure 5 shows thut the profile-drag coefficient de-
ercased with 1ift coefficlent and attalned a minimum
value of 0,0097 over a4 range of 1ift coefficients from
at lecast 0.16 to 0.25 at Mach numbers below 0.67. The
minimm value of the profile-drag coefficient of the
faired and smoothed surfaces renported in reference 1 was
0.0062. At Lach numbers below that at which compressibil-
1ty shock was evident, as indicated by the rapid in-
crease in profile-drapg coefficient, variation in Mach num-
ber of as much as C.,2 apnesared to have no effect on the
nrofile-drag coefficlent, This variatlion in Mach number,
however, was accompanied by &an apprecluable variation in
Reynolds number, which may have had some effect on the re-
sults ohtained. In the tests of references 1 and 2 var-
iations in Mach number of as much as 0.16, with neglicible
variation 1In Reynolds number, had no effect on the profile-
Arag coefflcient for the wing sectlon wilth smooth surfaces
and for the wing sectlion with smooth and rough surfaces
writh transition fixed far forward,

The flight Mach number and uirplans 1ift coefficlent
at which compressitility shock losses becamo evident 1In
tie walke are choun by {igure 6. The rapidly lncreusing
#1dth of wake witl Mach number is shown in fijure 7 as un
indication of the pressence o1 compressitllity shock losscs
in the waka., In thls figure the total-pressure loss across
the walre 18 presented {or several liach numbers at a 11t
coefticient of adout 0.16 as a plot of AE/qe agalnst y/c,
where AH 1s the loss in total pressure at nosition y in
the wake, qe¢ 18 tho free-strcam lupact pressure, and c
is ths chord of the wing sectlon. (Position y/c = C cor-
responds to the top tube of the rake.) wake profiles for
¥ach numbers 0,6) and 0.67 showed no evidence of shock, but
nrofiles for Mach numbers 0.66, 0.70, and 0.7C indlcated
shock of increasing iatensity on the upper surface.
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Figure 5.- Proflle-drag coefficlent of P-L7D wing section having

production surfaces covered with camouflage paint. Reynolds
number 18 plotted above drag curves.
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© No evidence of shock 1in wake
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eritical Mach number and Mech number at which shook

pecame svident 1n wake.

CONFIDENTIAL




L6B21

No.

CA ACR

9

(*oned Leains-enes Uy eqny doy 03 spuodssatoe (= T uo3Iiscd) -edeqEmo
yOWE TRIGA®S I0F GT'0 JO VIR IIe0P IITT ouwtdite us 38 segijoad sxea -*. eandy

SNLAVNOUTY 305 1251100000 AVILNIOQIINOD

ABOSIAGY TYNOLLYN - \h..
ol 6o

+

T
oft
=

4

T
I.T 1 efuiaIne L&nt.

—t———— -

Aot
+
1

IVILNIOINOD






e

f'// */#w&,na,«wc Lr €7

o rone (1 e ) ATl- a7
Zalovick, John |DIVISION: Aerodymasics (2) f . e

Danm: ' Pradils SECTION: Wings and_Afrfolls (6) 16E2
= cross QEWW- P (74500) ; | 268
Wings ~ Lift d. bution ; Drag, Asrodynamic ‘-———&m—
oA

= Profile (31220)

e AUTHOR(S)
AMER. TITLE: :;Li t investigation at high speeds of profils dragp:{ wi.n; of . P-47D sirplens
V.

production surfsces covered with c amouflage

ORIGINATING AGENCY: National Advisory Committee for Aeronsutics, Weshington, D. C.

TRANSLATION:
COUNTI AGE "NCIASS U. SCIASS.| DATE pAce?]TtE FEAT
0.8, Eng, siUnchu. Mar'46 | b 8 Iphot,o., tables, graphs
ABSTRACY
Wing section outboard of flap was tested by wake surveys in Mach range of 0.25 - 0.78
and 1ift coefficient range of 0,06 - 0.69. Results indicated that minimum profile-drag
coefficinet of 0.0097 was attained for 1ift coefficisnts from 0.16 to 0.25 st Mach less
than 0.67. Below Mach number at which compressibility shock occurred, variations in
Nach of 0.2 had negligible asffect on profile drag coefficient. Shock was not evident
until critical Mach was exceeded by 0.025.

NOTE: Requests for copies of this report must be addressed to: K.A.C.A.
laghington?l) 8}. = ’ ! ’

T-2, HQ., AIR MATERIEL COMMAND HTWM WRIGHT FIELD, OHIO, USAAF A
WO MAR T 3u




PTNATY AR QTTTT N
Litbddioor s ks

LY %

oTeT

FRPETEN

la

LI YUY
Au SEJANS L L

Tl
.{.&1

o~

J...\



TERNO wKam | - ' . i ATl 677
Zalevick, John |OMmisioN dorodymadics (2) et
Daun, Prod L, |SECTION: Wings and Alrfoilo () et :

CROSS NEFERENCES: Progoure distribution - Uings (74500);
Uings ~ Lift diotribution (99170); Dreg, Aorodymanic ——FvmoA——
8 = Profilo (31220)°

e AUTHOR(S)
ANMED. TITLE: Plit.inveet. tion at high opocds of profllo dreg of wing of a P—7D sirplam
hav. on surfuceeggovg?vd Ulthl:.u:nnfhgagmln -

FORG'N. TITLE:

OXUGINATING AGENCY; Dational Advicory Comittoo for Acromsutico, Wachington, D. C,
TRANSIATION:

COUNTaY ]U\NGUAGE AG'NCLA AGES | ILUS. FEATURES
U.8. l ssll!‘m:lmm. | r'hb ] [phoboo, tablce, grapha

Wng cocuen outboard of £lsp was tostod by walm gurvoys in Iach rango of 0.25 ~ 0.78
and 11ft coofficient rengo of 0.06 =~ 0.69. Rooulto indieoted that mdnimm profilo-drag
coofficinot of 0.0097 tac attoinad for 1lift coofficients froo 0.16 to 0.25 at Mach loos
than 0.67. Bolow Hach nunbor st which cocprossibility chock occurrcd, variations in
Inch of 0.2 had rogligible effect on profilo drog coofficiont. Shock tas not ovident
nntu eritical Mach was oxecoded by 0,025.

" RUTR: B:qﬁete for coed.oe of this roport must to addrooscd to: U.A.C.A.,

1.2 KQ, AR MATERR coMMaD  LOm Veaoucat oot WRIGHT RAD, OXD, USAAF A3

-0 An @






